The extent to which potentially curative therapies are used in patients with hepatocellular cancer (HCC) and their related outcomes are unknown in the US.
SUMMARY Background
The extent to which potentially curative therapies are used in patients with hepatocellular cancer (HCC) and their related outcomes are unknown in the US.
Aim
To determine the rate and outcomes of potentially curative treatment in patients with HCC.
Methods
Eleven US centers followed patients with HCC between 2001 and 2007. We determined rates of liver transplantation, surgical resection, or tumour ablation during follow-up, examined differences in adjusted survival of patients receiving these treatments, and determined the factors associated with receipt of potentially curative treatment.
Results
Of the 267 patients, 76 (28%) patients had early HCC, defined as Child A or B cirrhosis, with a solitary HCC or ≤3 nodules, each ≤3 cm. Of these, 53 (69.7%) received curative treatment. Thirty six percent of patients with non-early HCC received curative treatment. Compared to patients with non-early HCC who did not receive curative treatment, patients with early HCC and curative treatment had the best survival [hazard ratio, HR = 0.19 (95% CI, 0.08-0.42)] followed by patients with advanced HCC who received curative treatment [HR = 0.37 (95% CI, 0.22-0.64)]. Baseline performance status was significantly associated with receipt of curative treatment as well as survival after adjusting for demographics, clinical characteristics, and HCC stage.
Conclusions
In this multicenter database, most of the patients with early HCC received potentially curative treatment. However, only 28% of patients had early HCC. One-third of patients with non-early HCC also underwent curative therapy. Potentially curative treatment improved survival and this effect was seen in patients with early as well as non-early HCC.
INTRODUCTION
The incidence of hepatocellular cancer (HCC) has increased by more than two-fold over the past two decades. 1, 2 Most of this increase is attributed to hepatitis C virus (HCV) infection acquired 2-3 decades earlier. 1 A large number of HCV-related HCCs are expected in the next decade given that approximately 3.0 million individuals are HCV infected in the United States. 3 The prognosis of advanced HCC is poor. [4] [5] [6] However several potentially curative treatment modalities are available for patients with early stage HCC. These include surgical resection, liver transplantation, and local ablation. Surgical resection is the primary therapeutic option for patients without advanced cirrhosis and with well-preserved liver function and normal portal pressure.
Among candidates who receive resection, 5-year survival can exceed 50%. 4, [7] [8] [9] [10] [11] Liver transplantation is the treatment of choice for HCC patients with decompensated cirrhosis, with 5-year recurrence free survival close to 70%. 12 Potential contraindications to liver transplantation include presence of systemic co-morbidities, and current drug and/or alcohol use. For patients who are not candidates for surgical treatment, local tumour ablation treatments can be used to destroy the tumour without damaging the surrounding liver tissue. These tumour ablation therapies include injection of the tumour with absolute ethanol or radiofrequency ablation. The 5-year survival among patients with compensated cirrhosis and HCC smaller than 5 cm who were treated with local ablation may be as high as 50%. 7, 13, 14 There is a paucity of data evaluating the extent, patterns, and outcomes of potentially curative treatment in patients with HCC in the United States. This information is important not only for understanding the diffusion of this practice but also in determining potential effectiveness of HCC surveillance programs-programs that rely heavily on availability and timely application of curative treatments in patients with early HCC.
Using data from a prospective cohort of patients with HCC, we sought to measure the extent to which patients with HCC received potentially curative treatment and investigated whether use of such treatment improved survival. We also determined the factors associated with receipt of potentially curative treatment among patients with HCC.
MATERIALS AND METHODS

Data Source
We used prospectively collected data from the Liver Cancer Research Network (LCRN), a group of 11 medical centers throughout the United States experienced in the care of patients with liver disease. Patients with HCC were enrolled if they were seen at any of the participating centers between 20 January 2001 and 14 September 2007. The diagnosis of HCC was based on histopathology, and if histopathology was not available, by a mass lesion on imaging with AFP levels >1000 ng/mL, a mass lesion with characteristics of HCC (hypervascularity, arterial to portal vein shunts, portal vein thrombosis near the defect, or tumour in the portal vein) on two liver imaging studies, or 1 additional imaging study showing a mass lesion with characteristics of HCC that either increased in size over time or was accompanied by AFP level >200 ng/mL and more than tripling of baseline value.
After patient consent, standardized data collection forms were used to collect sociodemographic, risk factor, liver disease, tumour, and treatment characteristicsrelated information. Patients were followed longitudinally at 6 months intervals. Tumour and treatment parameters were recorded during each follow up visit.
Study sample
Our study sample comprised of patients diagnosed with HCC with at-least one follow up visit during the study period. We categorized patients on the basis of Barcelona Center Liver Cancer (BCLC) staging. 5 We defined early stage HCC as Child Class A or B, with a solitary HCC that was <5 cm in size, or up to 3 nodules, each <3 cm in size. We excluded patients if they did not have data to allow estimation of the BCLC stage. The BCLC staging system incorporates information regarding performance status in classifying the stage of HCC. We removed performance status criterion in ascertaining stage of HCC because we wanted to examine the independent effect of this variable on the receipt of curative treatment as well as patients' long term outcomes. However, as a sensitivity analysis, we strictly followed the BCLC system and classified patients with limited performance status as non-early HCC. In another analysis, we re-classified patients as eligible for potentially curative therapy if they met the University of California, San Francisco (UCSF) expanded criteria defined as evidence of single lesion 6.5 cm or up to 3 lesions, none larger than 4 cm, with a maximum combined tumour bulk of 8 cm. 15 Patients with any evidence of extra-hepatic spread or vessel involvement were excluded from early stage group regardless of their local tumour burden.
Study outcomes
We defined a patient as having received potentially curative treatment if s/he received liver transplantation, surgical resection (wedge resection, segmental resection, lobectomy), or tumour ablation (alcohol injection ablation and radiofrequency ablation) during follow up. We defined patients' index date as the date of first diagnosis of HCC. We followed all participants longitudinally and terminated the follow-up at either the time of the patient's death or 14 September 2007, whichever occurred first.
Statistical analysis
We analyzed patient data using SAS, version 9.2 (SAS Inc., Cary, NC, USA). All P-values were two-sided using an alpha of 0.05. We used ANOVA to compare means between groups and used chi-square or Fisher's Exact tests to compare proportions. We expected to see a strong association between the stage of HCC and survival. Therefore, to examine the relationship between curative treatment and survival, we used an interaction term for this variable (receipt vs. non-receipt of potentially curative treatment) and a binary variable indicating early vs. non-early HCC using bivariate Cox proportional-hazards model. We next measured the independent relationship between curative treatment and survival while adjusting for the following predictors at baseline: age, gender, race, liver disease severity (as measured by presence of ascites and baseline values of bilirubin and albumin), presence of medical comorbidity, performance status, and HCC volume of the treating center. Based on centers' self-reported data regarding the annual number of unique HCC patients seen, we categorized each center as high (>100 patients) vs. mediumlow volume (<100 patients) center. Table 1 specifies the definitions and categorization of other variables. We did not include MELD score in our analysis because it was missing in 60% of our patients (data collection for the study preceded introduction of MELD score as a prognostic marker for liver transplant allocation in the US). We computed the adjusted hazard ratios (HR) and 95% CI to estimate the strength of association of each predictor with time to death. Using multivariate logistic regression analysis, we determined whether and to what extent patient demographic (age, sex, race), liver disease characteristics (liver disease severity), medical co-morbidity, performance status, and treating facility characteristics (medical center volume) were associated with receipt of potentially curative treatment among patients with HCC, while adjusting for stage of cancer. To determine if the pre-specified covariates had differential impact on treatment decisions in patients with early vs. non-early HCC, we stratified the sample based on the stage of HCC and conducted a regression analysis in each group separately. We entered number and size of HCC tumours as additional variables in these sensitivity analyses. Last, we considered the possibility that we might have classified some patients who died while awaiting liver transplantation as untreated, where in fact these patients received the recommended treatment related care (i.e. referral for transplantation). In order to address this, we re-classified patients who were considered eligible for (but did not receive) transplantation during the study follow-up as having received the recommended treatment related care for their HCC. We then repeated the Cox proportional-hazards model to examine the relationship between treatment and survival using this new variable.
RESULTS
Sample Characteristics
The LCRN database included information on 512 patients with HCC. Of these, 302 completed at-least one follow up and 267 had complete data to allow staging on the basis of BCLC criteria. These 267 patients constituted the cohort for this analysis. The mean age ±standard deviation (SD) of eligible patients was 59 ± 10 years, and 76% were male. Seventy seven percent were White, 10% African American, and 10% belonged to other racial groups ( Association between receipt of potentially curative treatment and survival One hundred and nineteen (39.4%) patients died during the study follow up. Figure 1 displays the results of the bivariate Cox-proportional hazard models. We divided the patients into four groups: those with (i) early stage HCC with curative treatment; (ii) early stage HCC without curative treatment; (iii) non-early stage HCC with curative treatment, or (iv) non-early stage HCC without curative treatment. Appendix S1 displays the baseline characteristics stratified by these four groups.
Patients with non-early stage HCC who did not receive any potentially curative treatment had the lowest survival rate; 1-and 2-year survival rates for these patients were 44.5% and 28.8%, respectively. Compared with this group, likelihood of survival was substantially higher for patients with early HCC and curative treatment [1-and 2-year survival rates = 88.2% and 81.0%; HR for mortality = 0.14 (95% CI, 0.07-0.30)] and those with non-early HCC who received potentially curative treatment [1-and 2-year survival rates = 70.7% and 59.6%; HR for mortality = 0.37 (95% CI, 0.23-0.59)]. The survival rates of patients with early HCC who did not receive any curative treatment did not significantly differ from those with non-early HCC and no curative treatment [1-and 2-year survival rates = 65.2% and 33.5%; HR for mortality = 0.72 (95% CI, 0.37-1.40)].
The results did not change after adjustment for age, gender, race, medical comorbidity, functional status, and stage of liver disease in the multivariable Cox proportional hazards model (Table 3 ) nor in the sensitivity analyses that classified patients based on the UCSF criteria (Appendix S2), In addition, there was no change when strictly following BCLC criteria (by including performance status in the estimation of BCLC stage), or using alternative definition for HCC treatment care (by including patients who were considered eligible for, but who did not receive liver transplantation, in the treated groups) (Appendix S3). Tumour ablation includes alcohol injection ablation and radiofrequency ablation.
Any curative treatment includes any of the above three treatment methods. Of note, some patients received more than one potentially curative treatment. Therefore, the numbers presented in the individual cells do not add up to the total number of patients included in the last cell for each column.
Among 145 patients who did not receive curative therapies (surgical resection, tumour ablation, or liver transplant), 41 (28.3%) were treated with other modalities. Most of these patients received TACE (n = 31). Sorafenib was not available for clinical use during the data collection phase of the study. Patients with normal performance status were 38% less likely to die than those with compromised performance status after adjusting for patient demographics, clinical characteristics, as well as stage and treatment of HCC (Table 3) .
Factors associated with receipt of potentially curative treatment in patients with HCC As expected, the odds of receiving potentially curative treatment were significantly higher in patients with early HCC than those with non-early HCC (OR = 4.44, 95% CI = 2.34-8.42) ( Table 4 ). In addition, patients with normal performance status had a 2-fold higher odds of receiving curative treatment than those with compromised performance status (OR = 2.16, 95% CI = 1.19-3.91).
In the sensitivity analyses, we found a similar (and perhaps stronger) association between performance status and receipt of curative therapy in the sub-group of patients with non-early HCC (OR = 3.08, 95% CI = 1.41-6.70) but not in patients with early HCC (Appendix S4). In addition, the odds of receiving potentially curative treatment decreased as the tumour size increased in both sub-groups (with early and non-early HCC) (Appendix S4). Patients with early HCC seeking care in high volume facilities had an approximately 5-fold higher odds of receiving curative treatment than those seen in medium to low volume facilities (OR = 4.88, 95% CI = 1.11-21.40).
DISCUSSION
In this large multicenter observational study, less than one-third of patients with HCC were diagnosed at an early stage. Consistent with other studies, patients with early HCC who underwent potentially curative treatment had excellent survival. 4, 7, 9-11, 13, 14 However, only 70%
of patients with early disease received potentially curative treatment. Although we could not ascertain whether and to what extent patients in our study received surveillance for HCC prior to their diagnosis, given that the data represent patients seen in centers with specialized expertise in management of HCC patients, these estimates likely represent the maximum benefit that can be expected from the current practice of HCC surveillance and treatment. Indeed, an analysis of Surveillance, Epidemiology, and End Results registry showed that 21% of patients with small, non-metastatic HCC received liver transplantation. 17 Another study limited to 65 years and older
Medicare population found that 34% of patients with early HCC (defined as patients with single lesions or those with lesions <3 cm) received any potentially curative treatment. 18 Our data show that, in the best case scenario, these rates can be twice as high as reported in these population based studies, and thus provide the upper boundary of the potential effect of HCC surveillance and treatment-data that are relevant in counseling patients regarding chances of treatment receipt and outcomes, in conducting cost-effectiveness analyses, and in guiding policies regarding HCC surveillance in the vulnerable cohort of patients at risk for HCC. We also found that 36% of patients who were not candidates for curative treatment based in the staging system received curative treatment and that these patients had significantly improved survival compared to patients without such treatment. Although there is no one universally accepted HCC staging system, many have adopted the BCLC system, and we used this system to stratify our patients for this study. The goal of BCLC (and other staging systems) is to predict patients' outcomes and to tailor therapy in order to maximize overall effectiveness of treatment. In our study, stage of HCC was the strongest driver of treatment decisions-and hence the prognosis of patients. Nonetheless, we found that physicians frequently crossed these stage-specific boundaries to extend curative treatment to patients with more advanced HCC. Our results suggest that this decision, at least in part, is guided by the general health of the patient. Specifically, we found that patients with advanced HCC but with well-preserved performance status were 4-fold more likely to receive curative treatment compared to those with compromised performance status. These patients with non-early HCC, when treated, had modest improvement in their survival. Collectively these data suggest that physicians might be using the correct heuristic in identifying candidates for curative treatment and that this heuristic might tap into aspects of underlying risk or disease severity that are not fully captured by staging alone. We found that performance status provides important prognostic information in patients with HCC that goes beyond the information furnished by clinical and tumour burden variables used in routine practice. Our data, therefore, provide a compelling rationale for incorporating formal evaluation of patients' performance status into clinical decision-making in patients with HCC. We also found that individual centers might vary in how they manage patients with early HCC. Patients with early HCC who were seen in high volume centers were significantly more likely to receive a potentially curative treatment than those seen in low-medium volume centers after controlling for patient-related variables. However, due to the limited sample size in this subgroup, our estimates may not be optimally reliable and thus should be interpreted with caution. Despite this, our data provide preliminary insight into the likely importance of center effect in explaining the variation in treatment rates among patients with early HCC.
There are several other possible explanations for lack of curative treatment in the 30% of patients with early HCC who did not receive such treatment. It is plausible that despite being in the 'early' HCC group, patients without curative treatment had higher tumour burden (i.e. larger lesions, etc.) compared to those who received curative treatment, and our results support this possibility (Appendix S4). Another explanation may be presence of more advanced liver disease and higher comorbidity-factors that are important drivers of HCC treatment decisions. Indeed, we found that early HCC patients who did not receive curative treatment were older, were more likely to have medical comorbidity, and more severe liver disease than those who received curative treatment, although these estimates were not statistically significant, perhaps because of power limitations. Other possible explanations may include patient preference and insurance related barriers. We lacked reliable variables to determine the role of these factors as part of this study. Larger studies with longer follow up are needed to confirm our observations and to evaluate the impact of center effect as well as other variables.
Our analysis has several strengths. First, we used data from a prospectively enrolled cohort of patients with HCC instead of using administrative databases. The study relied on standardized criteria for HCC diagnosis that in turn were directly derived from the available clinical practice guidelines in HCC. As a result, we minimized any ascertainment bias in classifying patients with HCC. Second, our analysis used data from a demographically diverse group of patients with HCC seen in different regions of the U.S. Third, the Liver Cancer Network database included a broad array of data, allowing us to capture and adjust for the full range of patient-level variables that might affect the receipt and outcomes of treatment among treatment-eligible patients. These included socio-demographic characteristics, tumour-related characteristics, stage of liver disease, and medical comorbidity, among others.
Our analysis also has potential weaknesses. The sample population constituted primarily of patients with access to healthcare system that were seen at tertiary care centers. Thus, as stated earlier, our results are likely biased upwards. However, our data provide the upper limit of potential effect of current process of care in HCC. Second, the observational nature of the study makes it hard to draw firm causal inferences regarding impact of curative treatment on patient survival. However, randomized controlled trials designed to determine the effect of potentially curative treatments are not possible because of cost, feasibility, and ethical considerations. Within the limitations of the study design, the longitudinal nature of the data, finding of a strong association, and the temporality of the cause and effect suggest that the receipt of potentially curative treatment is causally linked to better outcomes in this geographically diverse sample of patients with HCC. Third, due to power limitations, estimates from the sub-group (i.e. sensitivity) analyses may not be optimally reliable. Future research will aim to confirm these findings and to determine the role of patient related factors using larger sample sizes and longer duration of follow-up.
In conclusion, our results suggest that survival in HCC can be improved if it is diagnosed at an early stage and potentially curative therapy is applied in a timely manner. However, only 28% of patients have early stage disease at the time of HCC diagnosis, suggesting that the most important step to make inroads into the problem of suboptimal outcomes in HCC may be to focus on implementation of routine surveillance in patients who are at risk for HCC so that more patients are diagnosed earlier in the course of their disease. We also found that approximately one-third of patients with non-early stage disease received potentially curative treatment, and that these patients had improved outcomes. Evidence based modifications in HCC staging algorithms and routine incorporation of performance status into clinical decisionmaking may help achieve the goal of making treatment more effective and cost-effective in patients with HCC.
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